INTRODUCTION
Bone is a highly dynamic biological structure involved in a lifelong remodeling process, adapting itself under the influence of numerous intrinsic and extrinsic factors either activating or inhibiting its own cells though processes of formation, remodeling and reabsorption. Bone consist of approximately 25.0% of water, 45.0% of ashes, and 30.0% of organic substance, being calcium (Ca 2+ ) the most abundant and important component since it reaches almost 37.0% of the inorganic component 1, 2 . Ca 2+ plays a fundamental role on a multiplicity of physiological processes 3 , whilst is stored on bone tissue under the form of hydroxyapatite crystals [Ca 10 (PO 4 ) 6 (OH) 2 ], representing 98.0% of the total amount of Ca 2+ stored. The remaining 2.0% is a "safety deposit" for the control of physiological concentrations of serum Ca 2+ . Half of this amount is in the intracellular space, in circulation or in the interstitial tissue, within a complex with inorganic non-ionized elements, dependent on the fluctuations of the blood's acid-base balance. The remaining half is in the extracellular fluid in the form of serum ionized Ca 2+ (iCa 2+ ) 2 . Orthopedic trauma represents an important component of most common traumas among companion small animal, most frequently represented by different types of fractures. In what concerns the specific type of fracture and thus the extension of the affected bone area, we can classify them in simple fractures (with only one line of fracture) or comminuted fractures (with more than one line of fracture) 4 . During the bone repair process, the iCa
2+
 shows two types of movements: 1) from bone to blood, and 2) from intracellular and extracellular space fluid to bone. Over the fracture line, and intending to widen it, osteoclasts reabsorb the bone top ends and loose fragments that result from the traumatic process. This phenomenon occurs until the third and fourth week post-fracture, according to the radiographic image. Hydroxyapatite is therefore degraded and the Ca 2+ ions are then released to the bloodstream on its soluble way. Mineralization of bone fragments and the callus development in the osteogenic tissue occurs due to the Ca 2+ salts deposition into the matrix. This Ca 2+ owes its origin from the osteoblast's mitochondrial vesicles, and the Ca 2+ supersaturated extracellular fluid adjacent to the organic matrix 5, 6, 7 .
In dog, it is accepted that iCa 2+  levels over 1.45 mmol/L are associated with a hypercalcemia condition, being the clinical signs expressed only when the iCa 2+  levels are above 1.8 mmol/L 8, 9 . Patients' clinical signs severity depends on the level and duration of the hypercalcemia state 9 . Acidosis will also magnify the effects of hypercalcemia by raising the ratio of calcium in the ionized fraction 10 . 
METHODS AND MATERIALS
The study included a sample composed of 40 Canis familiaris (n=40) of both genders, and no breed predilection, evaluated at the Veterinary Teaching Hospital of Faculty of Veterinary Medicine, University of Lisbon -Portugal, and at Anjos of Assis Veterinary Medicine Centre (CMVAA), Barreiro -Portugal. Study only started after obtaining a written agreement from the patients' owners to pursue it, and approved by the Institutional Ethical Committee for Analysis of Research Projects -CEBEA. Sample was divided in two groups: control group (CG) composed of 10 patients with trauma but no fractures (n=10) and the study group with appendicular skeleton fractures (FG) composed of 30 patients (n=30). Inclusion criteria were: age over 9 months; forelimb or hind limb complete fracture with one fracture line (simple) or more than two fracture lines (comminuted) confirmed by two radiographic projections (latero-lateral and cranial-caudal); trauma with less than 48h; absence of preexistent disease or medications that could somehow interfere with Ca 2+ metabolism. In non-neutered females, they were only included as long as they were not showing any signs of estrus. The CG allows us to characterize the iCa 2+  concentration in dogs with trauma but no fracture, simply to rule out the effects of trauma in general and thus be used as reference guide to the comparison with the FG.
Two groups were considered according to the type of fracture: simple fracture group (SFG) and comminuted fracture group (CFG), each with 15 animals. Patients were assessed for clinical signs and symptoms associated with potential hypercalcaemia, and submitted to an adequate analgesic protocol that consisted of methadone 0.1 mg/Kg/IM, and carprofen 4mg/Kg/SC. Using lithium heparin tubes (BD Vacutainer®) a blood sample was drawn from the cephalic vein to all patients from all groups (CG, SFG, CFG) to do a iCa 2+  measurement in order to achieve a basic clinical evaluation. Blood samples were studied according to analytic system CG8+, Abbott®. This system uses the positive selective electrode based on 
RESULTS
Obtained results are listed on Table 1 . ShapiroWilk test allowed us to state the presence of normality on the concentration of ionized calcium in all studied groups: CG (p=0.80); FG (p=0.22); SFG (p=0.98) and CFG (p=0.09). Welsh t-test allowed us to make a comparison between concentrations of ionized calcium in all groups and this led us to the conclusion that the difference among groups were statistically significant (p=0.00) (Figure 1) . However, the use of Welsh t-test to compare obtained concentrations of ionized calcium between SFG and CFG did not allowed us to obtain statistically significant differences since p=0.06 (Figure 2 
.00 Control group (CG); Study group (FG); Simple fracture group (SFG) and comminuted fracture group (CFG).

Figure1. Boxplot of characteristics of the CG and FG
Figure2. Boxplot of characteristics of the SFG and CFG
DISCUSSION
According to the results it is possible to conclude that patients from groups FG, SFG and CFG) always showed a higher average concentration of iCa Contrary to what was observed on group CFG, patients from group SFG showed no iCa 2+  higher than 1.8 mmol/L. This fact leads us to the conclusion that patients with simple fractures are not expected to have hypercalcemia as a consequence of a fracture. Comparing FG with CG it is possible to verify that differences among these groups are statically significant (p=0.00) and that the occurrence of a fracture, no matter its nature, elevates iCa 2+  above the reference range. This is an important result due to the fact that this way all patients with a diagnosed fracture should always be considered clinically hypercalcemic. This situation has to do with the release of Ca 2+ through the lyse of hydroxyapatite crystals from the bone fraction, but also from the free fraction mobilization as a consequence of osteclasts' stimulated activity enhanced at fragment reabsorptions and fracture end tops. During the first 24 hours post-trauma an acute inflammatory response is established releasing strong and important inflammatory mediators, namely IL-1, IL-6 and TNF-α, responsible among other things for the increased distance between top ends and certainly the indirect bone regeneration process 16, 17, 18, 19, 20, 21, 22 .
During the inflammatory process, injured bone cells induced by arachidonic metabolites via cyclooxygenases isoenzymes in response to the aggression process, are capable of expressing an intermediate prostaglandin (PGH 2 ) later converted to PGE 2 through enzymatic reactions. These mediators promote osteoclats' formation, thus increasing its reabsorption activity. Osteoclasts adhere through their villi to the mineralized surface, creating a close space where bone reabsorption is started through secretion of H + , collagenase and other hydrolases (like acid phosphatase), and degradation of matrix hydroxyapatite through calcium salt crystals dissolution. In addition, trauma promotes acidosis, which will induce a rising of the iCa 2+  ratio 10, 17, 18, 23, 24, 25, 26 .
With pH fall, occurs the activation of proteolytic lysosome enzymes, namely K catepsine that is capable of assuring the organic matrix dissolution at low pH 18 . Despite the fact that iCa 2+  average concentrations are higher for CFG than for SFG, these differences are not statistically significant which led us to conclude that the type of fracture has no influence on the iCa 2+  concentrations. CFG has a tendency (although not statistically relevant) to present higher iCa 2+  concentrations when compared to SFG, which is foreseeable due to the fact that the fracture area is usually larger and there are more than two top ends present. A larger fracture area necessarily means a higher number of involved osteoclasts, and thus higher expression of PGE 2 due to elevated number of injured bone cells. All these will increase the hydroxyapatite crystal degradation process with more Ca 2+ release into the bloodstream. We believe that increasing the sample size might confirm statistically significant differences between different fractures types as the obtained result (p=0.06) is very close to a significant pvalue (p <0.05). However and according to the results the type of fracture (either being simple or comminuted) does not play a relevant role to the existence of statistically significant differences on iCa
Nevertheless animals from group CFG always presented higher iCa
2+
 concentrations. In practice, most clinicians may not immediately associate the clinical signs of patients with fractures with a hypercalcemia condition, and therefore, as a result of iCa 2+  variations 27, 28 , 29 . For both groups (SFG and CFG), it was possible to register some clinical signs associated with iCa 2+  high l concentrations, with more expression in the CFG. Nevertheless, only for lethargy, and the PD/PU statistically significant differences were registered between the SFG and the CFG. Thus, apart from the existent type of fracture, these patients should always to be considered on a situation of middle hypercalcemia, particularly in cases of the CFG. Because of that, veterinary surgeons should be aware of the clinical signs associated with high iCa 2+  concentrations on organic systems 27, 28, 29, 30, 31 therefore avoiding the use of drugs that promote the extracellular Ca 2+ rising, such as, β-adrenergic agonists and amrinone in their medical protocols 32, 33 . In case this happens it will lead to shorter and faster action potentials, as well as repolarization, thus promoting elevated cardiac frequency and contraction force (chronotropic and inotropic positive effects) with a consequent drop of arterial systemic blood pressure, and ventricular tachycardia that can culminate into fibrillation and sudden death. Moreover, drugs with hypercalcemic effects like thiazide diuretics that act by promoting hypernatruria at the convolute distal tubule and secondarily volume depletion, enhancing reabsorption of sodium and calcium at the convolute proximal tubule, should also be avoided 28, 33, 34 .
Excess iCa
2+
 elimination through urinary tract can be achieved by incrementing diuresis through fluid therapy with simple saline solutions NaCl 0, 9% given the fact that on this specific solution there is no calcium involved 35 . This action can be improved adding an anse diuretic like furosemide although keeping in mind that this could also potentiate other blood components' depletion. Medically mild and severe hypercalcemia situations necessarily imply excess calcium elimination through fluid therapy with NaCl 0, 9% and sodium bicarbonate administration as a way to increase calcium diuresis through increased sodium excretion 17, 18 . Another approach comprises reducing hydroxyapatite crystals dissolution through blood alkalinization, diuretic administration (i.e. furosemide) after adequate hydration, glucocorticoid administration and finally calcitonin or bisphosphonates administration, as all these substances will inhibit osteoclastic reabsorption. Concluding, patients with fractures (both types SF and CF) always presented a higher average iCa
 concentrations compared to patients suffered from trauma but without fractures. Therefore, SF and CF patients should be always considered to have a mild hypercalcemia condition until laboratory proven to the contrary. Clinical signs such as muscular shivering, vomiting, constipation, anorexia, PU/PD, and lethargy should be associated by the clinicians with the hypercalcemia condition. Although, no statistical significant differences were registered between the mean of iCa 2+  concentration between SF and CF, the last presented higher expression of the clinical signs than the first. As a result, the measurement of iCa
 concentration should always be included on basic laboratory panel required by clinicians in patients with fracture, and the use of drugs that promote the extracellular Ca 2+ rising should be avoid until the iCa 2+  be monitored thus promoting therefore patients safety.
